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Outline

• Dissociative Ionization
• Molecular Optics
• Coherent Control 
• Material Processing



Photodissociation of C6H5I at 266 nm

Reprinted with permission from S. Unny, Y. Du, L. Zhu, K. Truhins, R.J. Gordon, A. Sugita, M. Kawasaki, Y. Matsumi, 
R. Delmdahl, D.H. Parker, J. Phys. Chem. A 105, 2270 (2001).  Copyright 2001 American Chemical Society.



Mechanism at 266 nm
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Photodissociation of C6H5I at 532 nm



Photodissociation of I2

532 nm

564 nm

559 nm

575 nm

S. Unny, Y. Du, L. Zhu, R.J. Gordon, A. Sugita, M. Kawasaki, Y. Matsumi, T. Seideman, 
PRL 86, 2245 (2001).  Copyright 2001 by the American Physical Society.



Kinetic Energy of Iodine

556.0 nm

574.7 nmS. Unny, Y. Du, L. Zhu, R.J. Gordon, 
A. Sugita, M. Kawasaki, Y. Matsumi, 
T. Seideman, PRL 86, 2245 (2001).  
Copyright 2001 by the American 
Physical Society.



Dissociative Ionization

S. Unny, Y. Du, L. Zhu, R.J. Gordon, A. Sugita, M. Kawasaki, Y. Matsumi, T. Seideman, 
PRL 86, 2245 (2001).  Copyright 2001 by the American Physical Society.



Possible FEL Experiments

• 90 – 100 nm single photon excitation
• Pump-probe photoelectron-photoion 

coincidence 
• Photoelectron angular distributions of 

aligned molecules



Manipulating Molecules With Light
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Dipole Interaction
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Dipole Force
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Deflecting Molecules in Different 
MJ States
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Reprinted with permission from T. Seideman, J. Chem. Phys. 107, 10420 (1997).  
Copyright 1997 American Institute of Physics.



Stark Shift
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CS2 Deflection
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Reprinted with permission from T. Seideman, J. Chem. Phys. 111, 4397 (1999).  
Copyright 1999 American Institute of Physics.



Molecular Mirror

Classical forced oscillator:
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Possible FEL Experiments

• Deflect molecules in high Rydberg states
• Use a near-resonant deflection field



Passive Control of Chemical Reactions

Courtesy F. Crim.



Active Control of Chemical Reactions



Interference Between 
Competing Paths

P = P1 + P2 + P12

P = |f1 + f2|2
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Coherent Phase Control of 
Bound-Bound Transitions
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(See Shapiro, Hepburn, and Brumer, Chem. Phys. Lett. 149, 451 (1988).)



X

Deflection Plates

Einsel Lens

Diffusion Pump

UV

Interaction
 Region {H2 gas}

THG 

Phase Tuning Cell

 X  Pulsed Nozzle 

Lens

{Xe gas}

UV and VUV 
focal point

Repeller

Extractor

Grounded Electrodes

Ion Gauge

Turbomolecular 
Pump

M CP Detector



Langchi Zhu



Phase Tuning
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S = A

S = BControlling Branching 
Ratios
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The Phase Lag
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Reprinted with permission from L. Zhu, V. Kleiman, X. Li, S.P. Lu, K. Trentelman, 
R.J. Gordon, Science, 270, 77 (1995).  Copyright 1995 AAAS. 



The Channel Phase
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Molecular Phase



Resonance Phase



Phase Lag Spectrum of HI
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Reprinted with permission from A. Khachatrian, R. Billotto, L. Zhu, R.J. Gordon, T. Seideman, 
J. Chem. Phys. 116, 9326 (2002).  Copyright 2002 American Institute of Physics.



Coupling Schemes
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Reprinted with permission from A. Khachatrian, R. Billotto, L. Zhu, R.J. Gordon, T. Seideman, 
J. Chem. Phys. 116, 9326 (2002).  Copyright 2002 American Institute of Physics.
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VCl Experimental Setup
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Wave Packet Control 



Possible FEL Experiment

• Pump-probe study of time-resolved 
intersystem crossing in pyrazine

• Wave packet control of ISC



Pyrazine Intersystem Crossing
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Photoelectron Spectrum of Pyrazine

Reprinted with permission from S. Hillenbrand, L. Zhu, P. Johnson, 
JCP 95, 2237 (1991).  Copyright 1991 American Institute of Physics.



Material Processing

• Biomedical applications
• Microfluidics
• Nano-fabrication
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